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(57) The present invention comprises a digital im- 
age processing method for detecting human eyes in a 
digital image. This method comprises the steps of: de- 
tecting iris pixels in the image (200); clustering the iris 
pixels (208), and selecting at least one of the following 
methods to identify eye positions: applying geometric 
reasoning to detect eye positions using the iris pixel 
clusters (212, 214); applying a summation of squared 
difference method using the iris pixel clusters to detect 
eye positions (218); and applying a summation of 
squared difference method to detect eye positions from 
the pixels in the image (224). The method applied is se- 
lected on the basis of the number of iris pixel clusters. 
In another embodiment, the present invention also com- 
prises a computer program product. 
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Description 

[0001] The present invention relates to digital image 
processing methods for detecting facial features and 
more particularly to methods for detecting human eyes, s 
[0002] In digital image processing it is often useful to 
detect human eyes in an image. This information is 
used, for example, to locate other features in the image 
such as human visual orientation. This information can 
also be used for other purposes such as finding the ori- 
entation of a human face in the image. 
[0003] Methods are known in the art for finding human 
eyes in a digital image. For example, U.S. Patent 
6,072,892 discloses the use of a thresholding method 
to detect the position of human eyes in a digital image, 
in this method, a scanning window scans across the en- 
tire image using a raster scanning method. A histogram 
extractor extracts an intensity histogram from the win- 
dow as it scans across the image. Each intensity histo- 
gram is examined by a peak detector to find three peaks 
in the histogram representing the skin, the white of the 
eye, and the black of the pupil. A histogram having the 
three peaks identifies a location in an image that poten- 
tially defines an eye position. Eye position is determined 
from among the potential locations by calculating the ar- 
ea under the histogram associated with each potential 
location and by selecting the location that is associated 
with the histogram with the largest area. 
[0004] One of the problems with this approach is that 
the entire image must be scanned on a pixel-by-pixel 
basis. Thus, a search window must be positioned at 
each pixel in the image and a histogram must be assem- 
bled at each pixel location. Further, the area under each 
histogram must be calculated and stored. It will be ap- 
preciated that this method consumes enormous 
amounts of computing power and reduces the rate at 
which images can be processed. This method can also 
produce a high rate of false positives, 
[0005] Methods are also known to detect human eyes 
that have abnormally high red content. Such abnormally 
high red content is commonly associated with a photo- 
graphic phenomenon known as red eye. Red eye is typ- 
ically caused by a flash of light that is reflected by a pupil. 
As is described in commonly assigned and co-pending 
U.S. Patent application No. 08/919,560, it is known to 
search in images for pixels having the high red content 
that is indicative of red eye. Similarly, commonly as- 
signed U.S. Patent 5,432,863 describes a user interac- 
tive method for detecting pixels in an image that have 
color characteristic of red eye. It will be recognized that 
these methods detect eyes only where red eye is 
present. 

[0006] Thus, there is a need for a method to locate 
human eyes in a digital image with greater accuracy and 
efficiency. 

[0007] The need is met according to the present in- 
vention by a digital image processing method for detect- 
ing human eyes in a digital image. This method com- 



prises the steps of: detecting iris pixels in the image; 
clustering the iris pixels, and selecting at least one of 
the following methods to identify eye positions: applying 
geometric reasoning to detect eye positions using the 
iris pixel clusters; applying a summation of squared dif- 
ference method using the iris pixel clusters to detect eye 
positions; and applying a summation of squared differ- 
ence method to detect eye positions from the pixels in 
the image; wherein, the method applied is selected on 
the basis of the number of iris pixel clusters. 

Figure 1 is a schematic diagram of an image 
processing system useful in practicing the present 
invention; 

Figure 2 is a flowchart illustrating the eye detection 
method of the present invention; 
Figure 3 is an illustration of the relationship between 
certain geometric parameters and an oval shaped 
skin color region in an image; 
Figure 4 is an illustration showing, the conditional 
probability that a given pixel is an iris pixel stated 
as a function of a specific red intensity and the con- 
ditional probability that a given pixel is a non-iris pix- 
el as a function of a specific red intensity I. 
Figure 5 is a flowchart presenting the process of de- 
veloping a statistical model representing the condi- 
tional probability that a given pixel is an iris pixel as 
a function of a specific red intensity level and a sta- 
tistical model representing the conditional probabil- 
ity that a given pixel is a non-iris pixel as a function 
of a specific red intensity level; 
Figure 6 is an illustration showing the iris color pixel 
clusters; 

Figure 7 is a flowchart illustrating the process of ap- 
plying the method of summation of the squared dif- 
ference to eye position detection using iris pixel 
clusters; 

Figure 8 shows an eye template and a search win- 
dow centered at the center of an iris pixel cluster; 
and 

Figure 9 shows an eye template and an image as 
used in the process of applying the method of sum- 
mation of the squared difference to eye position de- 
tection using image pixels. 

[0008] Fig. 1, shows an image processing system 
useful in practicing the present invention including a 
color digital image source 10, such as a film scanner, 
digital camera, or digital image storage device such as 
a compact disk drive with a Picture CD. The digital im- 
age from the digital image source 10 is provided to an 
image processor 12, such as a programmed personal 
computer, or digital image processing work station such 
as a Sun Sparc 20 workstation. The image processor 
12 may be connected to a CRT display 14, and an op- 
erator interface such as a keyboard 1 6 and a mouse 18. 
The image processor 12 is also connected to a compu- 
ter readable storage medium 1 7. The image processor 
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12 transmits processed digital images to an output de- 
vice 19. Output device 19 can comprise a hard copy 
printer, a long term image storage device, a connection 
to another processor, or an image telecommunication 

f device connected, for example, to the internet. 

[0009] Turning now to Fig. 2, the method of the 
present invention will be described in greater detail. Fig. 

• 2 is a flow chart illustrating one embodiment of the eye 
detection method of the present invention. Fig. 2 shows 
that a digital color image to be processed is first input 
into an iris color pixel detection step 200. In the embod- 
iment shown, iris color pixel detection is accomplished 
by first detecting skin color regions in the image and then 
identifying iris color pixels by measuring red intensity 
levels from within the skin color regions. 
[0010] Thefirststep in skin color detection is color his- 
togram equalization shown in Fig. 2 as step 201. Color 
histogram equalization step 201 receives images to be 
processed and ensures that the images are in a form 
that will permit skin color detection. This step is made 
necessary because human skin may take on any 
number of colors in an image because of lighting condi- 
tions, flash settings and film characteristics. This makes 
it difficult to automatically detect skin in such images. In 
Color Histogram Equalization step 201, a statistical 
analysis of each image is performed. If the statistical 
analysis suggests that the image may contain regions 
of skin that have had their appearance modified by light- 
ing conditions, then such images are modified so that 
skin colored regions can be detected. 
[0011] After the Color Histogram Equalization step, 
the image is searched for skin color regions in Skin Color 
Detection step 202. While it is possible to detect skin in 
a digital image in a number of ways, a preferred method 
for detecting skin in a digital image is to separate skin 
color pixels from other pixels in an image by defining a 
working color space that contains a range of possible 
skin colors collected from a large, well-balanced popu- 
lation of images. A pixel is then identified as skin color 
pixel if the pixel has a color that is within the working 
color space. 

[0012] Skin Color Detection step 202 identifies a re- 
gion of skin color pixels in the image. This region can 
be defined in any number of ways. In one embodiment, 
the skin color region is defined by a set of pixel locations 
identifying the pixels in the image having skin colors, in 
another embodiment, a modified image is generated 
that contains only skin color pixels. In yet another em- 
bodiment, Skin Color Detection step 202 defines bound- 
aries that confine the skin color region in the image. It 
will be recognized that more than one skin color region 
can be identified in the image. 
[0013] Oval Region Extraction step 204 examines the 
skin color regions detected by the Skin Color Detection 
step 202 to locate skin color regions that may be indic- 
ative of a face. Because the human face has a roughly 
oval shape, the skin color regions are examined to lo- 
cate an oval shaped skin color region. When an oval 



shaped skin color region is found, the Oval Region Ex- 
traction step 204 measures the geometric properties of 
the oval shaped skin color region. The Oval Region Ex- 
traction step 204 uses these measurements to define 

s parameters that describe the size of the face and the 
location of the face within the image. 
[0014] Fig. 3 is an illustration of the relationship be- 
tween the geometric parameters used to define an oval 
shaped skin color region in the image. As is shown in 

10 Fig. 3, these parameters include Ovaljop 300, 
OvaLbottom 302, Ovaljeft 304, Oval_right 306, 
Oval_center_row 308, and Oval_center_column 310. 
These parameters are used in later steps of the present 
method increase the efficiency of the eye detection 

*s process. It will be recognized that the method of the 
present invention can be practiced using skin color de- 
tection regions that have shapes that are other than oval 
and that other geometric parameters can be defined in 
association with such shapes. It will also be recognized 

20 that it is not necessary to detect an oval or other shaped 
area in the image. In such a case, the skin color region 
is examined to detect iris color pixels. Further in this 
case, still other parameters describing the skin color re- 
gion are defined for use in the eye detection process. 

25 [0015] After oval region extraction has been per- 
formed, the oval shaped skin color region is searched 
for iris color pixels. This step is performed by Iris Color 
Pixel Detection step 206. It will be recognized that lim- 
iting the search for iris color pixels to those pixels within 

30 the oval shaped skin color region increases the efficien- 
cy of the iris color pixel detection. It will also be recog- 
nized that there are many ways for iris pixel detection 
step 200 to detect pixels that are associated with an iris. 
Such pixels can be identified by simple color threshold- 
's jng methods, model mapping and other methods well 
known in the art. 

[0016] In one preferred embodiment, iris pixels are 
detected using the method claimed and described in co- 
pending and commonly assigned U.S. Patent applica- 

40 tion Serial No. 09/866,183 entitled Digital Image 
Processing Method and Computer Program Product for 
Detecting Human Irises in an Image. In this embodiment 
Iris Color Pixel Detection step 206 determines whether 
a pixel is an iris by measuring the red intensity of the 

45 pixel. This is done because it has been observed that a 
human iris has a low red intensity as compared to hu- 
man skin which has a relatively high red intensity. How- 
ever, in this embodiment, iris color pixels are not sepa- 
rated from skin color pixels on the basis of a simple 

50 threshold method. Instead, the red intensities of the pix- 
els in the oval shaped skin colored region are used to 
determine the probability that each pixel is an iris and to 
determine the probability that each pixel is not an iris. 
The relationship between the probability that the pixel is 

55 an iris and the probability that the pixel is not an iris is 
then analyzed to determine whether the pixel is an iris 
pixel. 

[0017] The probability that a pixel having a given red 
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intensity is an iris pixel is determined based upon an iris 
statistical model. Similarly, a non-iris statistical model is 
used to define the probability that a given pixel is not an 
iris pixel based upon the red intensity level of the pixel. 
The relationship between these models is non-linear as 
is shown by way of example in Fig. 4, which is an illus- 
tration showing, an example of a statistical model rep- 
resenting the conditional probability 402 that a given pix- 
el is an iris pixel as a function of a specific red intensity 
and an example of a statistical model representing the 
conditional probability 404 that a given pixel is a non-iris 
pixel as a function of a specific red intensity I. 
[0018] The probability analysis can take many forms. 
For example, the probabilities can be combined in var- 
ious ways with a pixel being classified as an iris or not 
on the basis of the relationship between these probabil- 
ities. However, in a preferred embodiment, a mathemat- 
ical construct known as a Bayes model is used to com- 
bine the probabilities to produce the conditional proba- 
bility that a pixel having a given red intensity belongs to 
an iris. 

[0019] In this embodiment, the Bayes model is ap- 
plied as follows: 



P(ihs\l)-. 



P(l\iris)P(iris) 



P( /I iris) P( iris) + P( t\ noniris) P( noniris) ' 



where P(iris I /) is the conditional probability that a given 
pixel intensity belongs to an iris; P{l I iris) is the condi- 
tional probability that a given iris pixel has a specific in- 
tensity I; P(iris) is the probability of the occurrence of an 
iris in the face oval region; P{l\ noniris) is the conditional 
probability that a given non-iris pixel has a specific in- 
tensity I; and P(noniris) is the probability of the occur- 
rence of a non-iris pixel in the face oval region. The 
Bayes model further applies the probability of the occur- 
rence of an iris in a face oval region and the probability 
of the occurrence of a non-iris pixel in the face oval re- 
gion. Using a probability analysis based on the Bayes 
model, a pixel is classified as an iris if the conditional 
probability that a pixel having a given red intensity be- 
longs to an iris is greater than, for example, 0.05. 
[0020] In the embodiment described above, only 
those pixels in the oval shaped skin color region defined 
by Ovaljop 300, Oval_bottom 302, Ovaljeft 304, and 
Oval_right306 are examined. Confining the pixels to be 
examined to those in the Oval shaped skin color region 
reduces number of pixels to be examined and decreas- 
es the likelihood that pixels that are not irises will be 
classified as such. It will be understood that confining 
the pixels to be examined to those in the skin color re- 
gion, as is described in other embodiments of the 
present invention , conveys similar advantages. It will al- 
so be understood that it is not necessary to detect skin 
color regions and that the present invention can be prac- 
ticed by measuring the red intensity of each pixel in the 
image and determining whether a pixel is an iris based 
upon the probability analysis described above. 



[0021] Fig. 5 shows a flow chart illustrating the Iris 
Color Bayes Model Training step 226 used to define the 
statistical model used to determine whether the pixel is 
an iris pixel and the statistical model used to determine 

s whether the pixel is a non-iris pixel. The method of step 
226 is performed before the method for detecting irises 
of the present invention is used to detect irises. As is 
shown, in Fig. 5, a large sample of frontal face images 
is collected and examined. All iris pixels and non-iris pix- 

10 els in the face region are then manually identified 502 
and 504. Next, the conditional probability that a given 
iris pixel has a specific red intensity I, P(l \iris) is com- 
puted and the probability of the occurrence of an iris in 
the face oval region, P(iris) 506 is computed; then the 

*5 conditional probability that a given non-iris pixel has a 
specific red intensity I, P(l I noniris) is computed and 
finally the probability of the occurrence of a non-iris pixel 
in the face oval region, P{noniris) 508 is computed. The 
computed statistical models of iris and non-iris are used 

20 in the Bayes model to produce the conditional probabil- 
ity that a given pixel intensity belongs to an iris P(iris I 
f) 510. In certain embodiments the Bayes model can be 
used to generate a look-up table to be used in Iris Color 
Pixel Detection step 206. 

25 [0022] After the Iris Color Pixel Detection step 206 
identifies the location of the iris pixels in the image, the 
iris color pixels are then assigned to clusters. This is 
done by Iris Pixel Clustering step 208. A cluster is a non- 
empty set of iris color pixels with the property that any 

30 pixel within the cluster is also within a predefined dis- 
tance to another pixel in the cluster. One example of a 
predefined distance is one thirtieth of the digital image 
height. The Iris Pixel Clustering step 208 of Fig. 2 groups 
iris color pixels into clusters based upon this definition 

35 of a cluster. However, it will be understood that pixels 
may be clustered on the basis of other criteria, 
[0023] Under certain circumstances, the definition of 
a cluster of iris color pixels may be broad enough to in- 
clude clusters that are invalid. In such a circumstance, 

40 as is shown in Fig. 2, the step of validating the clusters 
is included as step 209. A cluster may be invalid be- 
cause, for example, it contains too many iris color pixels 
or because the geometric relationship of the pixels in 
the cluster suggests that the cluster is not indicative of 

45 an iris. For example, if the ratio of a cluster's height to 
its width is determined, and if the ratio is greater than 
two, then this cluster is invalid. Invalid iris pixel clusters 
are removed from further consideration. Accordingly, in 
the portions of the description that follow, valid iris pixel 

so clusters will be referred to simply as iris pixel clusters. 
[0024] The number of iris pixel clusters "n" is counted 
in step 210. The number of iris pixel clusters "n" is used 
by decision step 21 0 to select from among two paths for 
detecting eyes in an image. If the number of iris pixels 

55 "n" is less than two then the process is branched to step 
224 which is to be described later. If the number of iris 
color pixels "n" is at least two, then the process branches 
to step 21 2 to find the centers of the clusters. The center 
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of a cluster is determined as the center of mass of the 
cluster. The center position of the clusters is calculated 
with respect to the origin of the image coordinate sys- 
tem. For the purposes of this measurement, the origin 
f of the image coordinate system is at the upper left corner 
of the image boundary. 

[0025] After the center of each of the iris pixel clusters 
is located, geometric reasoning is applied to attempt to 
detect eyes based on the geometric relationship be- 
tween the iris pixel clusters. As is shown in Fig. 6, if there 
are only two clusters remaining, with one in the left-half 
604 and one in the right-half 606 and if the horizontal 
distance between the centers of the two clusters is less 
than 0.4 times the distance between Oval_right 306 and 
Ovaljeft 304 and if the vertical distance between the 
centers of the two clusters is less than one tenth of the 
distance between Ovaljop 300 and OvaLbottom 302, 
then the center positions of these two clusters are treat- 
ed as the eye positions, 

[0026] It will be appreciated that this analysis can be 
completed very rapidly. If this analysis is successful, 
then no further action is required to detect eye positions. 
Accordingly, a detection result check is done in step 216 
to see if eye positions are detected. If eye positions are 
detected, then the eye detection process stops. If no eye 
positions are detected, then the process goes to step 
218. 

[0027] In step 218 the summation of squared differ- 
ence method is used to search the image for eye posi- 
tions. In general, the summation of the squared differ- 
ence method involves calculating the summation of the 
squared difference of the intensity values of the corre- 
sponding pixels in an eye template and a patch of the 
image that has the same size as the template. In this 
method, each pixel in the patch of pixels has a corre- 
sponding pixel in the template. The difference between 
the intensity level of each of the corresponding pixels is 
calculated. Each difference is then squared. The sum of 
each of the squared differences for each of the pixels in 
the set is then calculated. This summation of the 
squared differences provides a relative measure of the 
degree of correspondence between each of the pixel 
sets measured and the template. If no eye positions are 
detected 220, then the process goes to 224. 
[0028] As applied in the present invention, summation 
of the squared difference values are calculated for each 
pixel in each window in each half-region. These values 
are compared and the cluster having the lowest relative 
summation of the squared difference value is selected 
identified as an eye location for the respective half re- 
gion. This process is performed separately on the clus- 
ters of the left and the right-half regions of the image in 
the manner described below. 

[0029] It will be noted that while the present invention 
has been described as using the summation of the 
squared difference method to identify the best relative 
correlation between the average eye template and each 
of the patches of pixels, other methods including the 



mean-squared-error method can be used for this pur- 
pose. 

[0030] In one embodiment of the method of the 
present invention, the parameters calculated in the Oval 
5 Region Detection Step 204 are used to increase the ef- 
ficiency of the use of the summation of the squared dif- 
ference method by reducing the number of locations in 
the image at which the summation of the squared differ- 
ence must be calculated. As is shown in Fig. 6, in this 
10 embodiment, the Oval_Center_Column 310 is used to 
divide the oval region into a left-half region 604 and a 
right-half region 606. As is also shown in Fig. 6, iris pixel 
clusters 600 and the center position 602 of the iris pixel 
clusters 600 are positioned in either the left-half or right- 
's half regions 604 and 606 separated by the 
Oval_Center_Column 310. 

[0031] Step 218 conducts a left-eye position search 
using the summation of squared difference method and 
the pixel clusters 600 located on the left-half region 604. 
20 step 218 also conducts a right-eye position search in 
the right-half region using the summation of squared dif- 
ference method and the iris pixel clusters 600 located 
in the right-half region 606. 

[0032] Referring now to Figs. 7 and 8, the process for 

25 selecting one cluster from the clusters in a half region 
will be described. The eye position search process is 
started by centering 70 a window 800 at the center of 
each cluster 802 in a respective half-region. The default 
size for window 800 is one twentieth of the size of the 

30 image 804. The operation of calculating the summation 
of the squared differences 72 is then performed on each 
of the pixels in each window 800. The position of the 
pixel having the lowest summation of squared difference 
value in each window 800 is recorded 76. When a sum- 

35 mation of the squared difference value has been calcu- 
lated for every pixel in every window of the half-region 
78, the position of the pixel having the lowest summation 
of squared difference value is recorded 79. This is the 
estimated eye position for a half-region. This process is 

40 repeated for the remaining half-region. If two eyes are 
detected by this process, then the method is ended. 
[0033] It will be appreciated that the summation of the 
squared difference method of step 218 can also be per- 
formed without the use of Oval Shaped Skin Color Ex- 

45 traction. In such an embodiment, the skin color region 
can be divided into a left-half region and a right-half re- 
gion. Iris pixel clusters can then be divided into left-half 
region and right-half region clusters. The summation of 
the squared difference method can then be applied as 

50 described above. 

[0034] However, if eyes have not been detected 220 
after the execution of step 218, or if less than two iris 
pixel clusters are detected at step 209 then the eye de- 
tection process goes to step 224. Step 224 operates in 

55 a manner that is similar to step 218. However, as is 
shown in Fig. 9, the entire image 900 is divided and a 
summation of the squared difference is calculated for 
every pixel of the image 904 in the left-half 908 and right- 
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half 910 region respectively. 

[0035] It will be understood that other methods can be 
used in place of the summation of squared difference 
method to determine the relative correlation between a 

f patch of an image and an eye template. One example 
is the mean-squared error method. This method is well 
known in the art. 

t [0036] It will be appreciated that the present invention 
provides three distinct steps methods to detect eyes in 
an image; geometric reasoning 212 and 214, summa- 
tion of the squared difference using iris pixel clusters 
21 8 and summation of the squared difference using im- 
age pixels 224. It will also be understood that geometric 
reasoning is the simplest and most efficient of these 
methods. This is because geometric reasoning provides 
the most efficient processing method and because ge- 
ometric reasoning is applied only to iris pixel clusters. 
These clusters are relatively small in number when com- 
pared to the number of pixels in the image. 
[0037] In contrast, applying a summation of the 
squared difference method to each of the pixels in an 
image as is required in step 224 is a computationally 
heavy step, requiring many processing steps and cal- 
culations to determine whether a single pixel in the im- 
age is an eye position. Further, the method of step 224 
must be applied to all of the non-iris pixels in an image. 
In a currently common format, digital images are being 
acquired by 2.1 megapixel cameras. Further, cameras 
having as many as 16 megapixels have been demon- 
strated. Thus, it is clear that using step 224 to detect 
eye positions in an image will require, literally, hundreds 
of millions of operations to process a single image. This 
is a time and computer intensive process. 
[0038] As an intermediate approach, step 21 8 applies 
a computationally heavy summation of the squared dif- 
ference method, but limits the application of this method 
to the pixels in the windows defined about the iris pixel 
clusters. This substantially reduces the number of pixels 
to which the summation of the squared difference meth- 
od must be applied and therefore makes the application 
of the summation of the squared difference method 220 
less computer intensive than the summation of the 
squared difference method of step 224. 
[0039] It will also be understood that the method of 
the present invention provides a way for automatically 
selecting between these eye detection methods and 
combining these methods in a manner that uses the 
number of iris pixel clusters to select the most efficient 
method for detecting eyes in the image. 
[0040] The subject matter of the present invention re- 
lates to digital image understanding technology, which 
is understood to mean technology that digitally process- 
es a digital image to recognize and thereby assign use- 
ful meaning to human understandable objects, at- 
tributes or conditions and then to utilize the results ob- 
tained in the further processing of the digital image. 
[0041] Thus, the present method and computer pro- 
gram product meets the objective of this invention. 



Claims 

1 . A digital image processing method for detecting hu- 
man eyes in a digital image, comprising the steps of: 

5 

detecting iris pixels (200); 

clustering the iris pixels (208); 

determining the number of iris pixel clusters 

(210); 

w selecting at least one of the following methods 

to identify eye positions in an image (210): 

i) applying geometric reasoning to detect 
eye positions using the iris pixel clusters 

'5 (212,214); 

ii) applying a summation of squared differ- 
ence to detect eye positions based the iris 
color pixel clusters (218); 

iii) applying a summation of squared differ- 
20 ence method to detect eye positions from 

the pixels in the image (224); 

wherein the applying step is selected on the 
basis of the number of iris pixel clusters. 

25 

2. The method of claim 1 , wherein applying step iii) is 
selected when less than two iris pixel clusters are 
detected. 

30 3. The method of claim 1 , wherein applying step i) is 
selected when at least two iris pixel clusters are de- 
tected. 

4. The method of claim 3 ( wherein method i) is first 
35 applied and method ii) is subsequently applied in 

the event that method i) does not detect at least two 
eye positions. 

5. The method of claim 4, wherein method ii) is applied 
40 and method iii) is subsequently applied in the event 

that method ii) does not detect at least two eye po- 
sitions. 

6. A digital image processing method for detecting hu- 
45 man eyes comprising the steps of: 

detecting iris pixels; 
clustering iris pixels; 

determining the number of iris pixel clusters; 
50 selecting a method for detecting eye positions 

based upon the number of iris pixel clusters; 
using the selected method to detect eye posi- 
tions. 

55 7. The digital image processing method of claim 6, 
wherein the step of selecting a method for detecting 
eye positions based upon the number of iris pixel 
clusters comprises selecting a series of eye detec- 
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tion steps, 

8. The digital image processing method of claim 6, 
wherein the step of selecting a method for detecting 

t eye positions is based upon the number of iris pixel 5 

clusters and the time required to execute each 
method. 

t 

9. The digital image processing method of claim 6, 
wherein the step of selecting a method for detecting 10 
eye positions is based upon the number of iris pixel 
clusters and the computational efficiency of the 
method selected. 

10. The digital image processing method of claim 6, 1$ 
wherein the step of selecting a method for detecting 
eye positions is based upon the number of iris pixel 
clusters and the probability that each method will 
detect eyes. 

20 
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